Synaptic defects in type I spinal muscular atrophy in human development.
Childhood spinal muscular atrophy is an autosomal recessive neuromuscular disorder caused by alterations in the Survival Motor Neuron 1 gene that triggers degeneration of motor neurons within the spinal cord. Spinal muscular atrophy is the second most common severe hereditary disease of infancy and early childhood. In the most severe cases (type I), the disease appears in the first months of life, suggesting defects in fetal development. However, it is not yet known how motor neurons, neuromuscular junctions, and muscle interact in the neuropathology of the disease. We report the structure of presynaptic and postsynaptic apparatus of the neuromuscular junctions in control and spinal muscular atrophy prenatal and postnatal human samples. Qualitative and quantitative data from confocal and electron microscopy studies revealed changes in acetylcholine receptor clustering, abnormal preterminal accumulation of vesicles, and aberrant ultrastructure of nerve terminals in the motor endplates of prenatal type I spinal muscular atrophy samples. Fetuses predicted to develop milder type II disease had a similar appearance to controls. Postnatal muscle of type I spinal muscular atrophy patients showed persistence of the fetal subunit of acetylcholine receptors, suggesting a delay in maturation of neuromuscular junctions. We observed that pathology in the severe form of the disease starts in fetal development and that a defect in maintaining the initial innervation is an early finding of neuromuscular dysfunction. These results will improve our understanding of the spinal muscular atrophy pathogenesis and help to define targets for possible presymptomatic therapy for this disease.